Using inbred laboratory stocks of the locust Schistocerca gregaria, two experiments were carried out using composite heat-treatment programmes of 40°C and 30°C combinations. These were designed to superimpose different heatinduced increases and decreases in chiasma frequency, to determine what interactions would occur and which effects might be dominant. It was found that both of the heat-induced decreases in chiasma frequency which can be obtained (Effects 2 and 3), were dominant over both of the different types of increase (Effects 1 and 4), with the largest decrease (Effect 3) being dominant over all others.
INTRODUCTION
High temperature treatments can lead to profound changes in chiasma frequencies at male meiosis in some animals. Using the locusts Schistocerca gregaria and Locusta migratorici it has been found that as many as four effects can be obtained, two increases and two decreases, when early meiotic, or premeiotic, stages are heat-treated at 40°C (Henderson, 1970; 1988; Buss, 1971) . They are most readily demonstrated if relatively short heat-treatments of 2-6 days are given, followed by incubation at a lower control temperature. Using 3H-thymidine autoradiography the times of these four sensitive periods can be determined in relation to the main premeiotic S-phase.
To determine more about the nature of these four effects, it was considered to be worth asking the question: what interactions would occur between them if they were superimposed? Would one effect be completely dominant over another, would an intermediate effect he obtained, or would interactions produce a novel response? Two sorts of experiment of this type are possible: one could superimpose either like, or unlike, effects, i.e., either (a) superimpose two increases, or two decreases, or (b) superimpose increases with decreases. These ends can be achieved by subjecting locusts to two heat-treatments of suitable duration, separated by an appropriate interval at the lower temperature. The results of two such experiments carried out on S. gregaria are presented in this paper. MATERIALS 
AND METHODS
The inbred stocks of S. gregaria used were those described in an earlier publication in this series (Henderson, 1988) . The experimental procedure was also similar to that used before. Heat-treatments were carried out in an incubator at 40°C while the lower, control, temperature used was 30°C. Two individuals were usually taken on each of the days sampled. Testes, cleaned of fat body in insect saline, were fixed in acetic-alcohol (1:3). Squash preparations were made with propionicorcein and twenty cells were scored from each individual at diplotene. Means, sample standard deviations and standard errors were calculated.
The control chiasma frequency levels of individuals maintained at a constant 30°C have been described in the previous publication of the present series (Henderson, 1988) and will not be repeated here. EXPERIMENTAL 
DESIGN
The four effects of short heat-treatments on chiasma frequency at male meiosis in locusts have been numbered, for simplicity, Effects 1-4 (Henderson, 1970; 1988) . They are: Effect 1. A small increase in chiasma frequencies obtained by heat-treating pachytene nuclei. Effect 2. A small, spreading decrease, obtained when slightly earlier zygotene/pachytene nuclei are treated. Effect 3. A marked decrease, with univalent production, obtained when nuclei at G2 and leptotene, soon after S, are heat-treated. (Its magnitude and duration are related to the duration of the heat-treatment, whereas Effects 1 and 2 are "all or none" effects). Effect 4. An increase in chiasma frequencies, produced when heat-treated spermatogonia pass through S at the elevated temperature.
The basic heat-treatment chosen in the present experiments to superimpose these four effects in different combinations was 2 days at 40°C, as this shows all 4 effects most simply, with effect 3 showing only a relatively modest reduction. Two experiments were carried out: (a) in the first, the interval between the two heat-treatments was chosen to superimpose the main Effect 3 decrease with the large Effect 4 increase. (b) in the second, the interval was chosen to superimpose the Effect 1 increase and Effect 2 decrease, with the Effect 4 increase.
DAY D
The design of such experiments is not as simple as might be supposed at first, however, because of the accelerating effects of elevated temperature on meiotic rate. There is a Qio between 30°C and 40°C of approximately 2-23 (Henderson, 1966) .
Although one can accurately predict the shape of the curve found at 30°C after a single heat-treatment at 40°C, including the days on which each of the four effects should be obtained, when a second heat-treatment is given this accelerates the time taken by cells to move through meiosis. As a result, as well as producing a second set of effects of its own, it will also speed up the passage of cells showing the effects of the first heat treatment through meiosis and hence change the days on which those effects would have been shown. Estimates have therefore to be made of the changes in the time of expression of the first heat-treatment's effects when superimposing a second heattreatment's effects (figs. 1 and 2). In the first experiment, to achieve the superimposition of Effects 3 and 4, an interval of 2 days at 30°C was chosen between the two heat-treatments of 2 days at 40°C ( fig. 1) , while in the second experiment, an interval of 6 days at 30°C was used to superimpose Effects I and 2 with Effect 4 ( fig. 2 ). of 2 days at 40°C with daily sampling thereafter would produce a curve containing 4 effects of the type labelled 1A-4A, as cells affected at the different stages move through meiosis. In order to superimpose the effects of a second heat-treatment curve of similar shape (IB-4B), allowance has to be made for the accelerating effect of the second heat-treatment on the first response. i.e., the period at 40°C on days 4-6 will speed up the passage of cells showing effects 3A and 4A through meiosis, effectively moving their position, with daily sampling, to the left, as shown. It will also be seen that, as well as achieving the superimposition of Effects 4A and 3B, there will also be the unavoidable superimposition of Effects lB and 2B on Effect 3A. By trial and error calculations, an interval of 2 days at 30°C was chosen, as shown above. The results of this experiment, when 38 individuals were subjected to a composite heat-treatment programme of 2 days at 40°C, 2 days at 30°C, 2 days at 40°C, followed by a constant 30°C, are provided in fig. 3(a) , (b) . No Effect 1 was found in this experiment with coarse, daily sampling. More intense, 12-hourly sampling is often necessary to show it (Henderson, 1988) . A small Effect 2 led into the large Effect 3, a broad reduction in chiasma frequencies, with univalent production, found on days 5-8. At a constant 30°C this would have been found on days 7-Il. As predicted, therefore, the second heat-treatment was approximately doubling the meiotic rate and halving the time taken for this effect to be shown. On day 9 chiasma frequencies returned to the control level, but no Effect 4 was subsequently shown. A spreading Effect 2 reduction was found on days 10-il, followed by a second Effect 3 reduction, with univalent formation, on days 12-15. Following the subsequent return to control levels on day 16, the final Effect 4 increase obtained, on days 17-19, was much smaller than that found with a single heat-reatment.
This experiment showed quite clearly that the chiasma frequency reductions produced by Effects 2 and 3, following 2 days at 40°C, are totally dominant to any potential increase during Effect 4.
Experiment 2: Superimposing Effects 1 and 2 with Effect 4
In this second experiment, a smaller number of individuals was used and sampling restricted to the period necessary to study the superimposition of Effects 1 and 2 with Effect 4. The composite heat-treatment programme used was 2 days at 40°C, 6 days at 30°C, 2 days at 40°C, followed by a constant 30°C. The chiasma frequencies recorded for 18 individuals sampled between days 7 and 15 are shown in fig. 4(a) , (b).
It will be seen that, on days 7-10 chiasma frequencies were low, showing an Effect 3 reduction, with univalent formation. On day 11, when Effect 1 should have corresponded with Effect 4, a sharp peak back towards (but not significantly above) control levels was found. This was immediately followed by a large and spreading Effect 2 decrease on days 12-15. No suggestion of an Effect 4 increase was obtained.
DISCUSSION
The results of both experiments are clear cut and unambiguous. The increase in chiasma frequency, termed Effect 4, produced when spermatogonia are heat-treated, and pass through S at 40°C, and subsequently undergo meiosis at 30°C, is only a potential. It can only be achieved in practice if Rationale behind the experimental design chosen in experiment 2 to superimpose Effects 1 and 2 upon Effect 4. As in the previous experimental design, allowance has to be made for the fact that the two days spent at 40°C on days 8-10 will speed up the passage of cells showing Effects 3A and 4A through meiosis, moving the position during which they would have been expressed, with daily sampling, to the left as shown. By trial and error calculations, an interval of 6 days at 30°C between the two heat-treatments was chosen, as shown above. consequence of the experimental design was the superimposition of the second Effects 1 and 2 with the first Effect 3 ( fig. 1 ). Neither of these second effects appeared to appreciably change the nature of the first Effect 3 ( fig. 3(a), (b) ). We may conclude from these experiments that, in S. gregaria, both of the experimentally induced decreases in chiasma frequency are dominant to both of the induced increases, and that Effect 3 is dominant to all other effects. The response within the three size groups recognized within the complement.
